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Protective effect of a-Klotho on hippocampal damage in propofol-exposed rats by
regulating mitochondrial fusion and fission
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(1. Anesthesia and Surgery Center, People’s Hospital of Xinjiang Uygur Autonomous Region, Urumqi 830001, China; 2. Graduate School , Xinjiang Medi-
cal University, Urumqi 830000, China)

Abstract Objective To explore the effect and mechanism of a-Klotho on hippocampal damage in propofol-exposed rats. Methods
Sprague Dawley rats aged 7 days were divided into control, propofol ,a-Klotho , and propofol+a-Klotho groups (10 rats per group). Cog-
nitive function was assessed by the Morris water maze test. Inflammatory cytokines including interleukin (IL) -18,1L-6,IL-10, and tumor
necrosis factor a (TNF-a) were measured by enzyme-linked immunosorbent assay. Neuronal damage and expression of a-Klotho and
cleaved caspase-3 were evaluated by hematoxylin and eosin staining and immunohistochemical staining, respectively. Mitochondrial
morphology and membrane potential (MMP) were analyzed using transmission electron microscopy and JC-1 staining. The expression of
dynamin-related protein (Drpl),optic atrophy 1 (Opal), mitofusin 1 (Mfnl),and mitofusin 2 (Mfn2) proteins were detected by Western
blotting. Results Compared with the propofol group, the escape latency of rats in the propofol+a-Klotho group was reduced (P < 0.05) ;
the number of platform crossing and the dwell time were increased (P < 0.05);the levels of IL-18, TNF-a, and IL-6 were reduced (P < 0.05)
and the level of IL-10 was increased (P < 0.05) ;the neuronal structure was relatively complete and the arrangement was neat ; the expres-
sion of a-Klotho was increased (P < 0.05) ;the expression of cleaved caspase-3 was decreased (P < 0.05) ;mitochondrial morphology
tended to be normal ; MMP was increased (P < 0.05) ;the expression of Drpl was downregulated (P < 0.05) ;and the expressions of Opal ,
Mfn1,and Mfn2 was upregulated (P < 0.05). Conclusion a-Klotho exerts a significant protective effect against hippocampal damage in
rats exposed to propofol , and its mechanism may involve the promotion of mitochondrial fusion and the inhibition of fission.
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e 52 S BRI S 500 P By LA AL R 5 4
T HE A B TEHE Fo-Klotho X P 11 58k KUt
AR B P P 5 s o Pl B R 2 1
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o-Klotho® 71, 14 F & FIR&DZA F) 5 15 G 12 W Bt
55 (enzyme linked immunosorbent assay , ELISA) £ il
AR &L W A g s AR DU AR M)A BRZA W) s HEG
I &L 1 A U R E R BRA R s DABIK
G W B VLIRS AR FRA B 5 HRIR R TR
XA S FIFT IR Y, W 28 [EISPIA Bl s 2ok (A S 1
TR, I H AL S0 AR N BARAT BR S 7] 5 JC-146
B AR IR HL 37 (mitochondrial membrane potential , MMP)
YR, W A 04 % [ AR W) RHECA FRZS 5 Bradford
B &, W R T v ME R A R A A BR A 7 5
Western blottingFHHTAAK , 14 H 9L [E abcam 2y 7] .
1.2 SR shY A

4017 H #51a HESDA B, Bl A , (R EE25~28 ¢,
ey 9 S s R ) R 2 S 3 s v s o BT AT R R A
Y B3 i 3% R EE R 22~24°C, FE I EE K 60%0~
70% , T K12 hE /12 hR B AT HE AT

14 2l ) 552 B AR AR BT SR AR R F R XN RS BE I R
FHIFEHZS D1 22 W A E (KY20240350)

T B BEHLEC T R K SD K R A Xt R4 T
A8 20 \a-KlothoZH . N IF By +a-KlothoZH , B ZH10H .
PRI I 20 R VR I s T S TR 83 (50 mg/kg), 3%
S5 47 sa-Klotho 2H K FRUAE H M I 0 5 40
a-KlothoZE 1 (10 pg/kg), LG5 d; a-Klotho+ P i
Py 20 R Bl I s 3 2 PR TE 93 (50 mg/kg) HiT4 h, T3
ST 5 H 2Ha-Klotho & 11 (10 pefkg), BELLTHTS d*
Xof REZH K BB L s 3 S 55 P T P 2 S AR RR A A
PHERIK , ESLTSS d.
1.3 Tk
1.3.1  MorrisZK 2 B 5250 46 K R 2% > 10 12 g )
W — MBI A3 Ha b e od 4Z B, Kt KR
FEHIAE2S CA AT, K b ] 5 B — A PR lROE F
B o 3 A GRS K AR IR A K T, GE it R R
HAJK S 2T 5 BB 120 s N AR 2°F- 51
KRB LG R IHE 120 s 45 241 KR8 i &2
MAS d, 25 R BCFHE L SB6 R 723 S 2,
BB IRIF &, B K BUBCFE A AN TR A KA B
WEEEIFIE S0 s P25 2K R ZE i 56T 5 A CEORT
B[] R4V, BOF-HME
1.3.2 ELISAKE I R BRUMR 2H 27 b 9 0 PR 7 /K- 2 %
KK G SRR B 5 AR5, U ZH 2, i A8 it
S, 0 2o P R R 48 20 3, LA10 000 r/min
030 mingR AT VB H I RO AELISAMR L,
MR S 150 ] A5 , SR ARSI 2 5L A3 i
JCEEE AR B 2 41/ 3 (interleukin,
IL) —=1B.IL-6 . IL-10 & PR HE Al Fo (tumor necrosis
factor o, TNF-av) 7K
1.3.3  HEZG: (ARG IR BRI 5 2H 2L b pf 22 e 4 1
O fili FH49% 22 5 W [ 2 K BRU 2H 2124 h, R4 7
KB A )R LIRS pmf ) A,
VEPEIE T CAL XY BEATHEY (5, Qe (05, K L35
WIEE A, s A B S RAEEIE
1.3.4  Fr 214k g AR5 I K BT 5 2H 4 -
Klotho .cleaved caspase-3(14 215 « Bl 45 (1) K Ui )
CATIX A7 WY Fr , 0 227K, FH3%d A Ak ST Y
Va3 A it 0 v SR BB S B, & T
G, 5% ISR E 10 min, B0 7 HiE S
Fi B Ma-Klotho (1 = 500) $i & dcleaved caspase-3
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BRI AE S EAric 0 (1 : 1.000) BEATHE ,37 C
A FR30 min, PBSTEY, DABE (4, H kK whik, &2
Yo FHRJE AERE B TSI R ARG, B
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135 EGTHEE N MK Bl 4 2 2ok IR TE
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il 12 25 K i, 1 A FRSEARS i v A 18 i )
ALK T 20 2] 1,70~90 nm P HETEY F-, HEAT i
TR SR IR TR BT U (0, 26 S A N SRR
EEIS

1.3.6  JC- VT AN K BRI Hh i 28 JTEMMP : BRUK B
ARV B 4 2, KA B 6 A 5K, 300 H i 9
b g, PRI T A 20 B R, A2 500 r/min
B0 15 min, 57 IE, 10 pe/mL JC- 15 BHA AT
Yufty SHOET 28 IR E 30 min, ViR BRORSS A 1YL
B OB R A B AR T AR RERIR. JC-17E
LR DA I 3 N R R EA IS i X (9 SR A
T BLEAAA, 2 SR 3 A DGR B LU A (£1/8%) 1T
fEMMPIYAE1E

1.3.7  Western blotting 6 ll K U 5 20 2 8 I3 #H
KEHI (dynamin-related protein 1,Drpl IR R UEZE =

457 11 (optic atrophy 1,0pal) 2 Ri{R gl &5
(mitofusin, Mfn) 1 Mfn2%K [ %3k « fd FIRIPAZE i
T R 25 2H R BRI S ZH 21, R HUE R 1, Bradfordik:
JE B AR R B AR AT 28 M il i SDS-PAGE
O3B R BRI L AR R R 2 A KR
Wi —Pi4 Cit i E 5, - HTHRPARICHY — 471
(1 = 5000) ZFHEMFE2 ho ECLE M, I FHImage] 5K
A0 5 45 25 B IR AL, AN 288 A GAPDHEEA T
Ak, 2 H A AR R A
14 ST

¥ HGraphPad Prism 8. 05K AF A7 804l /- Hr 7142
Bl PR Hx £ s 3R, 240 HEACR AR R T
ZE57HT, AN PR EL A HLSD-tk 55 P < 0.05°8
ZRAGI R L.

2 R

2.1 a-KlothoXf PN TH M 28 K B2 T 10T ZRE IRy 52N

5 BEZH E A, TR T I 2 A B adk s v R
FHER, G B UCBURTE BRI ) 2 kD (P <
0.05), a-KlothoZH A Bk sk Ve IR 1 | 28 T 5 UBSORN
{5 BRI AR J2 A W A4k (P > 0.05) 5 S TIA R4 L
B, TN B +o-KlothoZH A Bk skt vk AR 199 108 2 45
TEET 5 UOBORMS B2 B [ d 25 55 0 (P < 0.05) o I
%1,

R1 BAKXRBEBRY. FUTEERENEER B

Tab.1 Comparison of escape latency, number of platform crossings, and dwell time of rats in each group

Group n Escape latency (s) Number of platform crossings Dwell time (s)
Control 10 17.73 + 1.46 4.24+0.37 18.05 + 1.42
Propofol 10 31.02+2.72" 0.67 = 0.05" 1011 +1.21"
a-Klotho 10 1791 £ 1.55 4.18 £0.38 17.89 + 1.37
Propofol+a-Klotho 10 26.68 +2.24” 1.98 £0.16” 12.93 + 1.06”
1) P < 0.05 vs. control group;2) P < 0.05 vs. propofol group.
22 a-KlothoX N IH B R 85 K BUNALSUH RAEN AR
IR HEZY (8 07, X B 7l S 2 4L sl 22 U RS
SO0 AL E R, N IH B ALIL- 18 TNF-a IL-6.  BAEHES, 45t 5 8 ; S0 HEATEL s, NTA B AL T 2

IL- 107K i 215 (P < 0.05), a-KlothoZHIL-18  TNF-t
1L-6 IL-107KF- & & A 254840 (P > 0.05) 5 51931
40 L3, 9 TA B +a-KlothoHIL-18 .\ TNF-o  IL-67K
5 2RI IL-107KF 18 25 T i (P < 0.05) o ILER2,
2.3 a-KlothoX P11y % 7% K R S 4l 4Ll 2850

L 22 0k A i R 2R i 5 DX PR S
1, HF51 Z L s a-KlothoZH i B 2 21 i 22 ST HE S
BER 35X BRALA AL, R DL A8 07 5 S5 TA B 2 e A,
PTA B3 +o-KlothoZH 1 T 25 20 ot 22 ST 45 F AH X 58
B HEIN BB ST ILIA L
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*2 BHAXRMALHIL-1B. TNF-o. IL-6FAIL-107K FHILLER (pg/mL)
Tab.2 Comparison of the levels of IL-18, TNF-«, IL-6, and IL-10 in brain tissues of rats in each group (pg/mL)

Group n IL-1B8 TNF-a 1L-6 IL-10
Control 10 75.16 + 5.49 18.69 + 1.38 70.52 + 6.24 152431233
Propofol 10 311.94 +26.60" 76.58 +5.07" 299.45 +20.37" 314.56 +27.64"
a-Klotho 10 79.43 + 6.82 1833 + 1.48 75.81 +7.35 15424 +12.17
Propofol+a-Klotho 10 168.35 + 12.60” 4179 £3.727 161.43 +12.92” 611.21 +31.25”

1) P < 0.05 vs. control group;2) P < 0.05 vs. propofol group.

Control Propofol a-Klotho Propofol+a-Klotho

Bl ARESEHAHERE x100
Fig.1 Hematoxylin and eosin staining of rat hippocampal tissues x 100

2.4 a-KlothoXt N H M 2 85 T K BRI 5 20 21 ZHa-KlothoFlcleaved caspase-33¢ 3k A & A g & A8 4k
a-KlothoFllcleaved caspase-3323K 5211 (P>0.05) ; 5T IA M4 He 38, 9 TA B +o-KlothoZH o-

56 BRZH LU AL, P9 TA 9 ZHo-KlothodK 3K 1 25 U9 Klotho#% 5 I 35 B4 Jill, cleaved caspase-33¢ 15 I 35 I,
/b cleaved caspase-37¢ 3% 2 19 M1 (P < 0.05), a-Klotho B (P<0.05) ULE2 33,

Control Propofol a-Klotho Propofol+a-Klotho

a-Klotho

Cleaved caspase-3

E2 SEAKLFLERNAREDHALHo-KothoFcleaved caspase-3Fi% x 100
Fig.2 Expression of a-Klotho and cleaved caspase-3 in hippocampal tissues of rats detected by immunohistochemical staining x 100

*R3 BAXREIALHKIlothoFcleaved caspase-35i%k LUK #Z2 TTMMPHY LL 85
Tab.3 Comparison of the expression of a-Klotho and cleaved caspase-3 and neuronal MMP in hippocampal tissues of rats in each group

Group n a-Klotho Cleaved caspase-3 MMP
Control 10 0.38 +0.03 0.13+0.01 3.08 +0.31
Propofol 10 0.14 +0.01" 0.40 + 0.05" 0.84 + 0.06"
a-Klotho 10 0.37 £ 0.04 0.14 +0.01 3.10 +0.30
Propofol+a-Klotho 10 0.29 = 0.03” 0.24 + 0.03? 1.22+0.117

1) P < 0.05 vs. control group;2) P < 0.05 vs. propofol group.
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2.5 a-KlothoX PNH ) % 8 K B S 20 2L rh ok i4
TEAS AR

75 S F B R 8 45 S T, X R A 1A D 2] 21 2K
RLRZ5 A6 ST R | U I MR OB , % DL B 8 453473 5 55 68
HRZH LA, TR I A b R B3 H sl b, ml WK e, A%
S, Ul S T T, T o-KlothoZH A< UL W 8 A8 4k s 55 1A
Wy 2 AH EE , a-Klotho+ P 1 B 41 2R TE 258 T 1

Control

Propofol

B IR GEREIE I ULIEL3
2.6 o-KlothoXf PR TH i & 5% K BRI 5 il 28 STCMMPHY
A

550 BB LU, TRA B 2H 0 22 JTCMMP i 2 [ A1
(P < 0.05),a-Klothof] #l 22 JTTMMPA % A= i) 2% 78 1k
(P> 0.05) 5 N YA M +o-KlothoZH #1 25 TLMMPHE P I 7y
HEBETE (P<0.05) W#E3 K4,

a-Klotho Propofol+a-Klotho

The area of damaged mitochondria was pointed out by the red arrows.
E3 FEHBEETURARBDEAREHERES x 10 000
Fig.3 Morphology of mitochondria in hippocampal tissues of rats observed under transmission electron microscopy x 10 000

Aggregate

Control

Propofol

a-Klotho

Propofol+a-Klotho

Monomer

Merge

E4 JCARBURKRBIMHETMMPENL x200
Fig.4 Changes in MMP in hippocampal tissues of rats detected by JC-1 staining x 200
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2.7 a-KlothoXf P VA M 5% i K Ui & 2 U Dipl
Opal Mfn1 Mfn22E [ 3515

5% HRAH HO R, TR 4 Dip L B 1 ik B 3% b
4, Opal \Mfnl Mfn24E F 35 2 2% T (P <0.05),

F4 BHAKRBDELKHDrp1, Opal,

Tab.4 Comparison of the expression levels of Drp1, Opal, Mfn1,

o-KlothoZH Drp1 . Opal \Mfn1 Mfn27F [k A & 4 i
EAE (P> 0.05) 5 5TRIAM AL HLEL , N IAB +e-Klotho
HDrpl 25 1 35 B3# T I, Opal \Mfnl \Mfn2Z5 1%
K E FIH(P<0.05) W4 K5,

Mfn1, Mfn2%& B RIEKFHIELE
and Mfn2 proteins in hippocampal tissues of rats in each group

Group n Drpl Opal Mfnl Mfn2
Control 10 0.16 +0.02 2.42 +0.30 0.79 £0.08 221+0.22
Propofol 10 1.020.10" 0.90 +0.09" 0.21 +0.02" 0.91 +0.10"
a-Klotho 10 0.15 +0.02 2.47+0.26 0.76 + 0.07 2.25+0.24
Propofol+a-Klotho 10 0.81 +0.07” 1.71 £0.18” 0.69 +0.07” 1.40 +0.15”

1) P < 0.05 vs. control group;2) P < 0.05 vs. propofol group.

1 2 3 4

Drpl (W - ),

Opal -m 11 x 10°

Minl ol s - 5/ 0
iz S .
cavpir [ - 570

1, control group;2,propofol group;3,a-Klotho group;4, propofol+a-

Klotho group.
E5 Western blotting#&ill K i3 A R HDrp1. Opal. Mini,
Mfn2%E B &K%

Fig.5 Expression of Drp1, Opal, Mfn1, and Mfn2 proteins in
hippocampal tissues of rats detected by Western blotting

3 itig

PRI 5 A e PR ™3 T o A P R e 245
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52 B8 A ] 9ok 2 25 AR 52 458 3 B 5 2H S0 B~
7, LI Sy 2 n A R HAHES L X UESE T
PN B % B 1 5] A 35 BT B e 22 oA A5 A A A
THREGE , 5 REAEAFFT 45 5 v B — 5

FI AT, ¢ Fra-KlothofE #i 28 28 58 H B A HIFITHL
HIC AT W5 R IE  o-Klothof & 25 84T
B A, e 35 0k DU RE ] 7 5 floh wal S 4 0 4 AL BT

A EIRRESL 2, AR IEH A TIRE . a-Klotho
AT G Nef23 1%, 30 I NLRP3 2 AE /IMA A 19 1
ZHRNE IR S R A e S
PE [ B G 28 1 10 A B8 R, a-Klotho it 18 77 5 328
i DA RS AT [RIRE A B, 75 A Bk
BT 25 T o-Klotho g 4 K8 A Bk 36 15 AR 0, 1 2
T 5 USRS B8 B[R], PRASHI: B P 28 T 45 R ARG
SERE SR HAERES BN IA S T B i S 1 rh A
FURAEH

P28 JRE S 0 22 B A0 T R D R N B 1Y
KAEHLH . TL-18  TNF-oFNTL-655 fi 4 1 41 ff P -+
AR SARE IR SN, A2 N v 5 4k 28 T 0 1
P03 o T 47T 48 200 Jf BH] F-IL-106E 30 1 42 48 14 400 i P
T R PR RORE AV s 208 B AR A
WF5E 2 B, PRTE 0 2 5% K U 4 2 PP IL-1B TN F-ar
1L-6 IL-107K T+, SR N TA M 75 551 & T 5B
Pl 28 9 F2 N 5 T 91 56 7 S a-Klotho g 52 3 1 1 12
S PRI P TIL-1B  TNF-oFHIL-6 P BE ik, i — 25
PER PR A0 FIL-1004 7K - . 3X B, a-Klothoil
T S SN i 443 o

LR G TN A 1) B 25 A X0 A A b 2200
FE T (LN A A I A 1% 2 OCE 2L, Opal \Mfnl Mfn2
SRS B A LRI S I LMB 2 1 T 6E , T2
A5 R 1 Drp il 1 /0 U R 2 ALk 5 R B,
FEMP 2 5 o A 2B A TR A PR v, Lok (ARl &
NGRS S 15 4 T, 23R Al AN JE st i 4y
P, A FHE I AR BE R AR, I A R W4Tt
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T2 AN, TRl St & A, ﬁﬁﬁ%aspase—ﬂﬁ P
Hcleaved caspase-3, Huif it B4 — 7251 4 i P G4
FE A, D20 A0 25 R R DN A T 2 R 4 St 24,
SENZITIET, NI 5 RN fERERS 1 AT
e, NIA T 2 88 5 K B S 28 e b (AR sl
b K AR L USSR, MMP T %, Drpl Fllcleaved
caspase-37¢ 15 _ I, Opal Mfnl FIMfn2F 15 T 4, it
R B R R AT T bk ol RS S T
M IEIA T 5 M, a-Klotho T 4 K B ¥ T pfr 48
JCLRARIE 58 T IEH , MMPTHE, HOpal Mfn1 £
M2 1 %3k I, Drpl Fllcleaved caspase-33635 T
P8, 3IESE T a-Klotho W] fi 38 1 12 1 28 b7 i fil & FiT
il R R 24 AR Pl SR R T g , 3 T8 4% P T 19 5
AR 2

25 LR AR 45 R W], a-Klotho T Y1 1
eI PN R E I AN R U LY VS Al (YA FNE
I B8 3 3 1 L AR il G TR ) L A 2R i
RRLRTIIRE , I8 ARAE SN, Y8 i 28 oA 05 , DT
WS D) BE RS  ASBIF T 2k TR T B R I3 A G
S4B 03 1 A AR AL AR 7 SR AL T S I AT 1Y
LS A FAEAE— 22 R BRME , R RS a-Klotho
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